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REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of International Application 
PCT/GB02/00255 filed on January 21, 2002 and published as WO 02/056891 on 
July 25, 2002, which application claims priority from Great Britain Application 
0101447.1 filed January 19, 2001. 

Each of the foregoing applications, and each document cited or referenced in each of 
the foregoing applications, including during the prosecution of each of the foregoing 
applications and ("application cited documents"), and any manufacturer 's 
instructions or catalogues for any products cited or mentioned in each of the 
foregoing applications and articles and in any of the application cited documents, are 
hereby incorporated herein by reference. Furthermore, all documents cited in this 
text, and all documents cited or referenced in documents cited in this text, and any 
manufacturer's instructions or catalogues for any products cited or mentioned in this 
text or in any document hereby incorporated into this text, are hereby incorporated 
herein by reference. Documents incorporated by reference into this text or any 
teachings therein may be used in the practice of this invention. Documents 
incorporated by reference into this text are not admitted to be prior art. 

It is noted that in this disclosure and particularly in the claims, terms such as 
"comprises", "comprised", "comprising" and the like can have the meaning 
attributed to it in U.S. Patent law; e.g., they can mean "includes", "included", 
"including", and the like; and that terms such as "consisting essentially of" and 
"consists essentially of have the meaning ascribed to them in U.S. Patent law, e.g.; 
they allow for elements not explicitly recited, but exclude elements that are found in 
the prior art or that affect a basic or novel characteristic of the invention. 
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Regulation of Glucocorticoid Concentration 

The present invention relates to the regulation of glucocorticoid levels. In particular, the 
5 invention relates to the regulation of intracellular glucocorticoid levels in macrophages to 
enhance the successful resolution of the inflammatory response mediated by such cells. 

CBIucocorticoids such as Cortisol have a number of diverse effects on different body 
tissues. Our International Patent Application WO 90/04399 was concerned with the 

10 v. problem that therapeutically administered Cortisol tends to be converted in the body to 
, t inactive cortisone by 1 1 Prhydroxysteroid dehydrogenase enzymes (1 1 ^HSDs). Our 
earlier invention provided for the potentiation of Cortisol action by the a 
inhibitor of the 1ip-dehydrogenase activity of these enzymes. The 11 p^-HStS enzyme 
addressed in WO 90/04399 is the 11p-HSD2 enzyme, which is exclusively a 

15 dehydrogenase for endogenous glucocprtieoid^v converting Cortisol to cortisone. 

It is also known that the reverse reaction, converting inactive cortisone to active Cortisol, 
is accomplished in certain organs by 1 1 (^reductase activity of the 11 (3-WSD1; enzyme. 
This activity is also known as corticosteroid 11 {^-reductase, cortisone 11 ^reductase, or 

: Expression of 1 1 (3-HSD1 in a range of cell lines encodes either a b^dirdctidnaf: enzyme 
[Agarwak AK f Monder Ct Eckstein 6 & White PG J Biol Chem 264, 1W 8943 (1 989); 
Agarwal AK r Tusie-Luna. M-T, Monder C & White PC Mol Endocrinol 4; t827-1 832 
25 (1990)1 or a predominant Itp-reductase [Duperrex H; Kenouch S, Gaeggfeter HP, et ah 
■fit ^r^CK^rtnotogy 1 32, 612-619 {t993); ^Hiies6h PM; Chapman KE; Edward 
, Seckl v JR. & Endocrinology 136, 4754-4761 (1995)^ Which/ far from ihabtivating 
g lucbcorticdids:^ regenerates active 1 1 p-hydrb)^sterpid from otherwise* inert li-keto 
steroid. 1ip-reductase activity, best observed in intact cells, activates 1 t^-keto Steroid to 
30 alter target gene transcription and differentiated cell function [Duperrex H, Kenouch £>, 
Gateggtei^r HP, et at :Endocrihold^ SC, Chapman KE, 

^ Edfeds ©ftW^Seekr^ (1&94)Jl 
HSi3l"a^ 20% amino acid 

• AK, ItounS T, Monder C & White PC (1994> j Biol Chem 269, 25959- 

35 25^52 (1 £94); Albino: At, Obeye^ekere VR, Sitiith RE & Ktezoyvski ZS Mol Celt 
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Endocrinol 105, R11-R17 (1994)]. In our International patent application WO97/07789, 
the contents of which and documents referenced therein being incorporated herein by 
reference, we discuss the inhibition of 1 1 (3-reductase activity in vivo, and the treatment of 
many of the deleterious effects of glucocorticoid excess. 
5 , . ■ : . 

Cortisol promotes hepatic glucbneogenesis by several mechanisms, including 
antagonism of the effects of insulin on glucose transport, and interactions with insulin 
and glucose in the regulation of several enzymes which control glycolysis and 
gluconeogenesis. These include glucokinase, 6-phosphofructokinaseV pyruvate kinase, 

10 phosphoenolpyruvate carboxykinase (PEPCK), and glucose-6-phosphatase. Inhibiting 
production of Cortisol from cortisone in the liver therefore enhances hepatic: glucose 
uptake and inhibits hepatic glucose production by several mechanisms. Moreover, the 
influence of inhibiting 1 1 p-reductase activity in the liver of patients with insulin resistance 
or glucose intolerance can be greater than in healthy subjects because in insulin 

15 resistance; .-or. deficiency the influence of Cortisol on REPGK has; been shown to be 
greater; obese patients secriete more Cortisol; insulin resistant patients are more 
sensitive to glucocorticoids; and insulin down-regulates t10-HSD1 expression so that 
11 p-reductase activity, can be enhanced in conditions of insulin resistance- or deficiency- ■ 

20 Our International patent application WO97/07789 also shows that; il^HSDi: 

expressed in rat adipose tissue and in adipocyte celt lines in culture, where it converts 
1 1 -dehydrocprticosterpne. to cprticosterono (the rat equivalents of human cortisone and 
cortisoli: respectively). This suggests that similar 1 Tprreductase activity will be observed 
in human adipose tissue, with the result that inhibition of the enzyme will- result in 

25 alleviation of the effects of insulin resistance in adipose tissue in humans ThisK would 
lead to greater tissue utilisation of glucose and fiatty acids, thus reducing circulating 

; : f levels. The invention therefore provides, in a further aspect, the' u?e of an- inhibitor of 
1 1 (3-reductase in the manufacture of a medicament for increasing; insulin sensitivity in 
adipose tissue. 

30 - : '.; - 

It is also known that glucocorticoid excess potentiates the action of certain neurotoxins, 
which leads to neuronal \dysf unction and , loss. We have studied "the intercohversion 
between 1 1 -dehydrocorticosterone and corticosterone in rat hippocampal cultures, and 
have found (surprisingly in view of the damaging effects of glucocorticoids) that 

35 1 1 p-reductase activity dominates over 11 {^dehydrogenase activity in intact hippocampal 
cells. The reason foTthis activity is unknown, but this result indicates that glucocorticoid 
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excess can be controlled in hippocarnpal cells (and by extension in the nervous system 
in general) by use of an 1 1 p -reductase inhibitor, and the invention therefore provides in 
an alternative aspect the use of an inhibitor of 1 1 (3-reductase in the manufacture of a 
medicament for the prevention or reduction of neuronal dysfunction and loss due to 
5 glucocorticoid potentiated neurotoxicity; It is also possible that glucocorticoids are 
involved in the cognitive impairment of ageing with or without neuronal loss and also in 
dendritic attenuation. Furthermore, glucocorticoids have been implicated in the neuronal 
dysfunction of major depression. Thus an inhibitor of 1 1 (3-reductase could also be of 
value in these conditions. 

' A- , ■- • ' ■ - : ■ 

Our earlier International patent application, therefore, provides that the beneficial effects 
■.'h :■ of inhibitors i of 11 |3-reductase are many and diverse, and it is envisaged that in many 
cases a combined activity will be demonstrated, tending to relieve the effects of 
endogenous glucocorticoids in diabetes mellitus, obesity (including centripetal obesity), 
15 neuronal loss and the cognitive impairment of old age: However, th6 effects of 
glucocorticoids on macrophages are not described; 

The system inflammatory diseases of the lungs, joints, kidneys and gut exert a heavy toll 
upon society;; Current treatments fbM have concentrated on 

20* tv: blockijij^ initiation and amplification mechahisfri& of ihffarhmatibn^ in other ^ wbrds on 
• preventing or arresting the inf lamniatory proce^S: Using anti-inflammatory treatments. 
Unfortunately, these do not prevent progression of persistent inf lammatibri to scarrinjg 
and loss ofbrgan function. ( 

25 A growing body of data now points to apoptosis or programmed: cell death being a key 
4^ - to^hanism fer &afe removal of leukocyte^ from ihflamiecJ sites. Thus, apoptosis in the 
leukocyte packages : the leukocyte and its noxious contents for safe uptake and 
degradation by phagocytes. Furthermore, there are data (e.g: Taylor et ah , J Exp Med. 
2000 Aug; 7; 192(3): 359-66) which establish effective macrophage clearance of apoptotic 
30 cells as a key pathogenic factor in disorders characterised by persistent inflammation 
< v skBcl: autoimmunity, such as systemic lupus erythematosus. 

Therefore, means to enhance the clearance of apoptotic leukocytes from inflamed sites 
are required; Furthermore, this could be a generally inrcportant approach toward 
35 promoting resolution of inflammation, even where intrinsic defects in clearance may not 
be present. .^5ST-:-— r - 
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Summary of the Invention 

The present invention provides a new approach to the treatment of inflammatory 
5 conditions, in which inflammation is promoted rather than prevented. : In accordance with 
the invention, inflammation is promoted to , its resolution, such that the natural biological 
benefits of the inflammatory process can be exploited. We have how determined that 
. glucocorticoid activity in macrophages stimulates the termination of the inflammatory 
response to reach a successful outcome. Our studies indicate that glucocorticoid (GC) 
10 treatment specifically enhances the non-inflammatory phagocytosis of apoptdtic 
neutrophils (PMN) by macrophages. Moreover, the potentiation of :11(3-HSD1 activity in 
macrophages increases'intracellular glucocorticoid levels to achieve the same beneficial 
. effects, .. • ,'• ' •• •- 

15 According to a first aspect of the present invention, therefore; w^ provide^ the use of a 
modulator of glucocorticoid metabolism in the manufacture of a composition for- the 
potentiation of a successful resolution of ah inflammatory response in a mammal: -% 

The modulator in accordance yvith the invention preferably increases, the intracellular 
;2Q ephcentration of active glucocorticoid in phagocytes /active ini phag^^ 

apoptotjc leukocytes. Advantageously, the phagocytes, are macrophages,; t £r£ferabiy v 
therefore, the modulator of glucocorticoid ; -^.. ^et^Dl|snfv,.. is selectively delivered to 
phagocytic cells, ideally at the site of inflammation; For exatriple; it is selectivity 
delivered to macrophages. 

In an advantageous embodiment, this can be achieved by increasing the intracellular 
)y J. activity of I tp-HSD reductase, either by : administering t1(3-HSD enzyme or by 
v : V> .f,.v : administering amodulator of tljJ-HSP reductase activity. - ; 

30 In a second embodiment* the invention provides an engineered macrophage in whjcb 
endogenous active glucocorticoid levels have been increased; This can be achieved; for 
example, by genetically engineering the macrophages, such as to increase I tp^HSD 
activity therein. The macrophages according to the invention are useful in the treatment 
of conditions in which inflammatory responses are advantageously managed to a 

35 successful resolution. 
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Engineered macrophages can be delivered to the site of inflammation in an individual. 
Macrophages naturally home to inflamed tissues when introduced into a subject. 

Preferably, the 1 1 0-HSD enzyme is 1 1 (3-HSD 1 . 

;;s • • • .. . 

Both active glucocorticoid and inactive 11-keto, steroids (such as 11r 
dehydrocorticosteroids) can also be used in accordance with the present invention. 
Particularly inactive precursors of glucocorticoid, such as 1i-dehydroxycbrticosterone, 
which are converted to active forms by 11P-HSD1 or equivalent enzymes, are useful as 
HO substrates which can be administered to sites of inflammation and converted in situ by 
v macrophages to active glucocorticoid. Glucocorticoid and/or inert precursor can be 
®. administered in combination with a modulator of glucocorticoid metabolism, 6r with an 
engineered macrophage in accordance with the above aspects of the invention. 

vis Reactivation by 1 1 type 2 is a further option in that this enzyrfte has a 

considerably more restricted distribution, mainly being located in rtiinerafbcorticoid 
sensitive organs. 9a-Fluorinated steroids are reactivated by this enzyme. In the case of 
1 1 -dehydrodexamethasoney this would yield an active ' glucbcorticoid; "thus, the 
invention provides for the delivery of active 11 (3-HSD 2 to maGrophages; ahd subsequent 
20 treatment with one or more 9a-Fluorinated steroids; Advantageously^ 
are engineered macrophages expressing 1 1 (3-HSD 2. 

Thus, the invention provides at least two of a glucbcorticoid and/or inactive precursor 
steroid and/or an engineered macrophage and/or a modulator of glucocorticoid 
25 metiabblfern > as desfcribdd atibv^^ fbjf separate, simultaneous separate or sequential use 
in th^ potentiation of a Successful resolution of the inflammatory response in a mammal. 

Preferably,: the agent(s) accbrding to the invention are targeted to phagocytic ceils, such 
as macrophages. ; 

30 1 . 

" " Moreover; the invention provides a pharmaceutical composition comprising one or more 
of a glucocorticoid and/or inactive precursor steroid and/or an engineered macrophage 
and/or a modulator of glucocorticoid metabolism, as described above. 

35 In a further aspect, there is provided a method of potentiating a successful inflammatory 
response in a mammaC comprising administering to a mammal in need thereof a 
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composition comprising a glucocorticoid and/or inactive precursor steroid and/or an 
engineered macrophage and/or a modulator of glucocorticoid metabolism, as described 
above. 

5 Brief description of the Figures 

Figure 1 is a photomicrograph showing macrophage phagocytosis in the presence and 
absence of dexamethasone. 

10, Figure 2 shows (a) RT-PCR of transcripts! obtained from kidney,'^^ ■ 
(b) the conversion of inactive precursor 1 1-dehydrocorticosterone (A) to active 
glucocorticoid (B); and (c) inhibition thereof with carbenoxolone. 

Figure 3 is a bar graph representing the levels of .macrophage phagocytosis in the 
15 presence of active glucocorticoid (B) and. inactive (A) precursor corticosteroid^ and the •• 
effect of carbenoxolone treatment. • ; 

Figure 4 is a bar graph representing the effects of active glucocorticoid (AGC) and 
inactive precursor corticosteroid (IGC) on macrophage phagocytosis in macrophages 
20 derived from wild-type and^t 

Figure 5 shows the developmental regulation of gtucocorticoid-activating activity in the 
. monocyte/macrophage lineage. 

25 Figure 6 shows the developmental ^ in the 

monocyte/macrophage linkage, linked to 1 1 prHSD t expression in macrophages. 

Figure 7 shows the developmental regulation of phagocytosis ?in the 
monocyte/macrophage lineage, linked to 11fJ-HSD 1 expression in macrophages; - 

30 

Figure 8 shows the induction of glucocorticoid activating activity in macrophages by IL-4 
v treatment. , :.. .,,-•> : , 

Figure 9 shows the glucocorticoid-activating activity of macrophages during and after a 
35 macrophage phagocytosis experiment. 
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Figure 10 shows the glueocorticoid-activating activity of macrophages during and after in 
vivo peritonitis induction in mice by thioglycollate treatment 

5 Detailed Description of the Invention 

Definitions 

, Unless defined otherwise, all technical and scientific terms used herein have the same 
|0v meaning as commonly understood by one of ordinary skill in the art (e.g., in cell culture, jv 
molecular genetics, nucleic acid chemistry, hybridisation techniques and biochemistry). 
Standard techniques are used for molecular, genetic and biochemical methods (see 



15 




20 



A "modulator* is an agent which increases or decreases a level of that which is 
modulated. For example, it may be an agent which increases or decreases the 
abundance, effect, activity, concentration or bioavailability of a modulated substance; 
which may be a gene product or a compound such as a glucocorticoid. 




A "glucocorticoid" is any member of the family of steroid hormones (both natural and 
synthetic) that bind glucocorticoid receptors and thereby influence gene transcription, 
their actions include promoting gluconeogenesis and the formation of glycogen at the; 
expense of lipid and protein synthesis, and important antHnfiammatory activity. 
Exemplary glucocorticoids include hydrbcdrtisone (Cortisol), prednisolone, 
dexarnethasbne and betamethasone. Glucocorticoids may be formed from inactive 
precursor corticosteroids by the 11 (^reductase activity of tip-HSD1 or 1 1 p-HSD 2; 
including Cortisol from cortisone, and prednisolone from prednisone. 



35 



A "modulator of glucocorticoid metabolism" is any compound, substance or treatment 
which upregulates or downregulates the activity (such as by increasing the abundance - 
effect, concentration or bioavailability) of glucocorticoid in a cell. Advantageously, the 
cell is a macrophage. The activity of the glucocorticoid is preferably increased in the 
macrophage, for ejj8fnpie r by increasing the biosynthesis of active glucocorticoid or the 
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conversion of inactive forms of glucocorticoid to active glucocorticoid. Thus/for example^ 
the modulator can increase the levels of 11p-HSD enzymes in the macrophage, which is 
shown in the present invention to lead to advantageous effects in the phagocytosis of 
apoptotic cells and thus the successful resolution of an inflammatory response. The 
5 modulator can therefore be, for example, exogenously administered Tlf^HSD enzyme 
itself, or a nucleic acid encoding 11j3~HSD1 or 11(3-HSD 2 which is delivered to the cell 
such that it can be expressed therein to produce increased levels of Hp-HSDi or 
HSD 2. 

10 An "inflammatory response" is typically a response to injury or infection/disease which 
involves inflammation of tissues. Acute inflammation is dominated by vascular changes 
and by neutrophil leukocytes in the early stages, mononuclear phagocytes in the later 
' stages. Leukocytes adhere locally and emigrate into the tissue between the endothelial 
cells lining of the post-capillary venules. Plasma exudation from vessels may lead to 

i$ tissue swelling » but the early vascular changes are independent of and not essential for 
the later cellular response/ in chronic inflammation, where the stimulus is persistent, the 
characteristic cells present are macrophages and lymphocytes. Inflammation is 
generally beneficial, and assists the return of homeostasis after injury or disease. 

20 A "successful resolution of the inflammatory response 0 is an inflammatory response in 
which the desired outcome to prevent the occurrence of chronicity (phagocytosis 6f 
apoptotic cells) is increased or otherwise potentiated. It is not synonymous with Anti- 
inflammatory treatment The invention potentiates, that is better achieves the benefits of, 
the natural inflammatory response; it does not avoid an inflammatory response, t&it 

25 " assists its purpose and aids its prompt resolution. 

A "macrophage* is a relatively long-lived phagocytic cell of mammalian tissues; derived 
from blood monocytes. Main types of macrophage include peritoneal and alveolar 
macrophages, tissue macrophajges (histiocytes), Kuppfer cells of the liver, and 

30 osteoclasts. In response to foreign materials or disease macrophages becorne 
stimulated or activated. Macrophages play an important role in killing of some bacteria^ 
protozoa, and tumour celts, release substances that stimulate other cells of the immune 
system, and anb involved in antigen presentation. Macrophages may also be further 
differentiated cells found within chronic inflammatory lesions, such as epithelioid cells or 

35" fused cells which form foreign body giant cells or Langerhans' giant cells. 
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An "engineered" macrophage is a macrophage which has been modified in order to 
increase the levels of active glucocorticoid therein. This can be achieved, in a preferred 
embodiment, by engineering the macrophage to express increased levels of 1lp-HSD1 
or 1 1 p-HSD 2. This enzyme acts as a reductase in the macrophage and increases the 
r 5 conversion of inactive glucocorticoid to its active form. Methods for engineering 
macrophages to produce elevated levels of 11 p-HSD1 or 11 p-HSD 2 are known to those 
skilled in the art and further described betow. 

Glucocorticoids 

m ■ ■ : • . : ■■ ' •- . . . • ■ ;■■ <•■■ : ■ y 

Glucocorticoids are a group of adrenocortical? steroid hormones whose metabolic effects 
include stimulation of gluconeogenesis, increased catabolism of proteins, and 
mobilisation of free fatty acids; they are also know to be potent inhibitors^ of the 
inflamrnatory response (allergic response). The vast majority of glucocorticoid activity in 
15 , most mamma js, is from Cortisol, also known as hydrocortisone. Corticosterone is the 
major glucocorticoid in rodents. Synthetic glucocorticoids are also known, such as 
dexamethasbne. Cortisol binds to the glucocorticoid receptor in the cytoplasm and the 
hormone-receptor complex is theft translocated into the nucleus, where it binds to its 
DNA response elements and modulates transcription of relevant genes. 

Glucocorticoid receptors are universally present and as a consequence- these steroid 
hormones have a huge number of effects on physiological systems. The best known 
and studied effects of glucocorticoids are on carbohydrate metabolism and[ immune 
function. Indeed, the name glucocorticoid derives from early observations that these 
2$ hormones were involved in glucose metabolism. In the fasting state, Cortisol stimulates 
several processes that collectively serve tq increase and maintain norm ial concentrations 
of glucose in blpodv I 

. Glucocorticoids are known to have potent anti-inflammatory and immunosuppressive 
30 properties^ This is particularly evident when they administered at pharmacological 
doses, but also is important in normal immune responses. As a consequence, 
glucocorticoids are widely used as drugs to treat chronic (unnecessarily persistent) 
inflammatory conditions such as arthritis, nephritis, asthma or dermatitis, and as 
adjunction therapy for conditions such as autoimmune diseases. 



WO 02/056891 PCT/GB02/00255 

10 

Some of the steroid drugs for topical administration for anti-inflammatory purposes 
include Betamethasone (Diprolene® cream), Globetasoi (Temovatfe®), Desonide 
(Desowen®), Fluocinolone (Derma-Srnoothe/FS<§>), Fluocindnide (Lidex®), 
Hydrocortisone (Anusol®, Cortaid®, Hydrocortone®), Mometasone (Elocon®) and 
5 Triamcinolone (Aristocort®, Knalog®); It is currently believed that the anti-Inflammatory 
properties of glucocorticoids are due to their ability to regulate proinflammatory genes, 
or modulate cellular apoptosis. " 

Glucocorticoids circulate in inactive forms, which are reduced to active conipounds at the 
10 site of action. 9-a-Fluorinated 1 1 -dehydrocorticosteroids like 1 1-dehydro-dex&metha^6he 
(DH-D) are rapidly activated by 11 p-reductase activity of 11p-HSD 2 to the active 
dexamethasone (D). 11 -keto; steroids such as cortisone are reduced to 11 ^hydroxy 
compounds such as Cortisol by 11 p-HSD 1. Similarly, prednisone is rfeduced to 
. prednisolone. Moreover, hepatic 1 1 p-HSD1 is known" to reduce cortisone tc> cbrtisol in 
15 - > the liver. Thus, in the context of the present invention, ah active glucbcbrticdid is the 
reduced form, such as Cortisol or dexamethasone or prednisolone; and inactive 
•;• glucocorticoid is, for example, cortisone or 11 -d^hydro-deXam^ 

Modulators of Glucocorticoid Metabolism 
20 

In # preferred embodiment, such modulators are enzymes which catalyise the dbnversion 
of inactive glucocorticoids to active glucocorticoids. Thus, the invention is particularly 
concerned with 11p-HSD reductase enzymes. For example, the hum&ri ti p-HSD2 
enzyme is known and details thereof can be found at GenBank Accession Nov M76661.1 
25 Gl:t79469. The sequence of 1 1 p-HSDt can be found at Accession no* NM/005525.1 
61:5031764. Modulators of the activity of such enzymes are also to be considered 
modulators of glucocorticoid metabolism; thus, compounds such as carbSnoxolorie, 
which inhibits 1 10-HSD1 , are encompassed by the invention, as are potentiators of 1 1(3- 
HSD1 activity. See Mbhder and White, (1993) Vitamins and Hormones 47:187; 
30 especially Table IV tHerebf. 

; ^ 1 1 p-HSp enzymes may themselves be modulated, for example by regulation of their 
induction in the macrophage or by other means. For example, cytokines such as lL-4 
are capable of inducing 1 1 (J-HSD 1 expression, as shown herein; IL-4 itself or small 

35 molecule mimics or^apaJogues thereof may be administered to macrophages through 
selective uptake, for example by cationic liposomes, as described below. Synthetic IL-4 
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analogues are known in the art, for example as described in Dominigu£s et aL, Nat 
Struct Biol 1999 Jul;6(7):652-6. Using computer-aided molecular modelling, the putative 
IL-4 motif for binding to IL-4R (receptor) was transferred stepwise to a selected scaffold 
/molecule that was the leucine-zipper domain of the yeast transcription factor GCN4. The 
. v 5 resulting molecules bound IL-4R with affinities ranging from 2 mWI to 5 M, depending on 
stability and fraction of the IL-4 binding motif incorporated. 

Mimetics may also be non^peptidyl mimetics. Nonpeptidyl mimetics may be derived from 
natural sources or combinatorial libraries. For example, in a screen for small molecules 
: iQ that activate the: human insulin receptor tyrosine kinase, a nonpeptidyl fungal metabolite 
(L-783,281) was identified that acted as an insulin mimetic in several biochemical and 

■.■xi, cellular assays. The compound was selective for insulin receptor, and oral administration 
of L-783,281 to two mouse models of diabetes resulted in significant lowering in blood 
glucose levels suggesting the feasibility of discovering novel insulin receptor activators 

15 that may lead to new therapies : for diabetes (Zhang et a/. Science 1999 May 
7 ;284(541 6) : 974-7) . In chemical synthesis, a manganese(H) complex with a 
bis(cyclohexy lpyridine)-substituted macrocyclic Ijgand (M40403) was designed to be a 
functional mimic of the superoxide; dismutase (SOD) enzymes that normally remove^ 
radicals associated with many human diseases (Salvemini et at, Science 1999 Oct 

20 8;286(5438): 304-6). Mimics of this nonpeptidyl nature may result in better clinical 
therapies for diseases mediated by superoxide radicals. Also in the field - of blood 
coagulation, breakthroughs in oligosaccharide chemistry made possible the total 
synthesis of the pentasaccharide antithrombin-binding site of heparin, and Petitou et a/., 
o Nature 1999 Apr 1;398(6726):41 7-22) reported a heparin mimetic that is sutphated 

25 oligosaccharides and without side effects such as heparin-induced thrombocytopaenia 
(HIT) and haemorrhages in heparinotherapy. A review of protein mimic design and 

; selection may be found in Cochran, Chemistry and Biology (2000) 7:R85-R94. 

■ Delivery to Macrophages 

30 " 

In a preferred embodiment, the present invention encompasses the delivery of 
modulators of glucocorticoid metabolism, including nucleic acids; polypeptides, chemical 
compounds and active or inactive glucocorticoids themselves* to macrophages. 
Techniques for delivery of drugs, nucleic acids and other agents to macrophages are 
35 known in the art. Many techniques use modified liposomes or nanopartictes, often 
carrying carbohydcSte^grjoUps which are recognised and assimifated" by macrophages. 
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See, for example, Sihorkar V, Vyas SP, J Pharm Pharm Sci 2001 May~Aug;4(2): 138-58; 
Moghimi ef a/., Pharmacol Rev. 2001 Jun;53(2):283-318; Couvreur P. & Vauthier C. 
(1994) In: Drug absorption enhancement. Concepts and limitations. Ed. A(Bert)GDboer. 
Harwood Academic Publishers. Leiden, Amsterdam; and international patent application 
5 WO 97/45442. Alvarez ef a/., Biotechnol. Appl. Biochem. (1998) 27, 139-143, describe 
the use of cross-linked erythrocytes to deliver pharmacological agents to macropihages. 

Preferably, cationrc liposomes are used to deliver the agent of choice to the 
... macrophage. Suitable liposomes for use in the: present invention are commercially 
10 available, DOTMA liposomes, for example, are available under the traderttark Lip<^€Ain k 
from Bethesda Research Labs, Gaithersburg, Md. Alternatively, liposomes can be 
prepared from readily-available or freshly synthesised starting materials of the type 
previously described, in the literature* see, e.g., P. Feigner, et al., Proc. NatT Acad- Scl ] 
USA 84:7413-7417. Similar methods can be used to prepare liposomes from other 
15 cationic lipid materials. 

Liposomes are selectively taken up by macrophages at sites of inflammation, making 
them the ideal vehicle for delivery of glucocorticoids and/or nucleic acids according to the? 
present invention. 

m . ■ ] ■ - ' ' ■■ ■ ? - ' " - '-' ; - ^ / : V '?' ' '' 

Moreover, conventional liposome forming materials can be used to prepare liposomes 
having negative charge or neutral charge. Such materials include phosphatidyl choline, 
cholesterol, phosphatidylethanolamine, and the like. These materials can also; 
advantageously be mixed with DOTMA starting materials in ratios from 0% to about 75% v 

25,, : / . ■ " ■V^V : ■ : >\ . . ; --V: ; 

, Conventional methods can be used to prepare^ other; noneationic iip^sbmesl These 
liposomes do not fuse with cell walls as readily as cationic liposomes^ 
taken up by macrophages in vivo, and are thus particularly effective for delivery of 
agents to these cells. For example, commercially dioleoylphosphatidyl choline (DOPC), 

30 dioleoylphosphatidyl glycerol (DOPG), and dioleoylphosphatidyl ethanolamine (DOPE) 
can be used in various combinations to make conventional liposomes^ with or without the 
addition of cholesterol. Thus, for example, DOPG/DOPG vesicles can be prepared by 
drying 50 mg each of ^ DOPjS and DOPC under a stream of nitrogen gais into a sonication 
viaL The sample is placed under a vacuum pump overnight and is hydrated the following 

35 day; with deionized water The sample is then sonicated for 2 hours in a capped vial, 
using a Heat SystelB?- model 350 sonicator equipped with an inverted cup (bath type) 
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probe at the maximum setting while' the bath is circulated at 15°C. Alternatively, 
negatively charged vesicles can be prepared without sonication to produce multilamellar 
vesicles or by extrusion through nucleppore membranes to produce unilamellar vesicles 
; of discrete- size. Other methods are known and available to those skilled in the art. 

,5.;., .., . ,. . .. ... • , , : ■ v . V ' 

. In a; particularly preferred embodiment, 11 (5-HSD 1 protein, or nucleic acid vectors 
encoding 11p-HSD 1, are delivered to macrophages using liposome technology as 
described above. -1 1 |}-HSD 1, as described herein* catalyses the activation of inactive 
1 1-dehydrocorticosteroids to active glucocorticoid forms thereof in vivo and /h vitro in 

XO- macrophages, 

*§ In a further embodiment, active glucocorticoids or inactive 1 1-dehydrocorticost^roid 
precursors are delivered to macrophages at the site of inflammation by administration of 
liposomes carrying such steroids. 

15 L . .,. , : ' ' , " . , .. .. -. - / ' 

Glucocorticoids may also be delivered systemically, preferably in inactive 1 1 -keto or 
Fluoriniated forms, for reactivation by 1 1 (3-HSD enzymes in macrophages/ Generally, the 
endogenous pool of inactive steroid is large enough to permit significant increases in 
active steroid concentration in macrophages which have increased levels of 1t{3-HSD 
20 enzymes. In a further aspect, therefore, oral ahd/or systemic delivery of inactive 
glucocorticoids is combined with the engineering of macrophages to express elevated 
levels of 1 1 prHSD 1 or I t^HSD 2. 

■• • Engineered Macrophages 

2S:-iV:. y : : i-, ; -..- • ; . - V ;:■••>■ ^/y : ^ r .' — ' ' 

f = An alternative means for the upreQulatioh of macrophage phagocytosis at sites of 
inflammatiori is to promote conversion bf inac^ve glucoeoHicd 

selectively within the macrophage- To this end it has been shown that expression of 
11P»HSD lis a characteristic of differentiation of non-phagocy tic monocytes into 
3(y phagocytic macrophages. Further* we have shown that inactive glucocorticoid cam 
promote phagocytosis of apoptbtic cells provided active 1 1 p^HSD 1 is present, 
therefore, driving expression of 1 1 p^HSD enzyme (either making it expressed earner in 
the differentiation of monocytes to macrophages, or to a greater degree in mature 
macrophages) provides a means of targeting the action of the natural excess of 
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endogenous inactive glucocorticoid or administered inactive glucocorticoid to the 
macrophage. 

Approaches to achieve such targeted over-expression of 11J3-HSD in maturing 
5 monocytes/mature macrophages include (a) genetic engineering, which may include a 
macrophage specific promoter or (b) liposomal administration of -afc modulator that 
increases HSD1 expression, such as a small molecule analogue of a cytokine such as 
IL-4 which stimulates 1 1 p-HSD 1 expression. 

10 Genetically engineered macrophages may overexpress 1 1 0-HSD enzymes as a result of 
the introduction of an 1 1p-HSD transgene, or a modulator of the endogenous 11J3-HSD 
gene (Kluth ef a/., J Immunol 2001 Apr 1; 166(7) :4728-36); 

The engineering of macrophages to modify the activity of a modulator of- glucocorticoid 
15 metabolism, such as an 11 0-HSD enzyme, is carried out by conventional genetic 
engineering techniques. Typically this will involve transfer of a nucleic acid vector 
encoding the modulator in a recombinant replicabfe vect6h ThS vector is Used to 
replicate the nucleic acid in a compatible host cell. Suitable host cells include bacteria 
such as E. coli, eukaryotes such as yeast r mammalian cell lines and othver euferyotib cell 
20 lines, for example insect Sf 9 cells. 

A polynucleotide encoding a modulator according to the invention in a vector is operably 
linked to a control sequence that is capable of providing for the expression of the coding 
sequence by the host cell, i.e. the vector is an expression vector. The term "operably 
25 linked" means that the components described are in a relationship permitting thertt to 
function in theirs intended manner. A regulatory sequence "operably linked? to a coding 
sequence is ligated in such a way that expression of the coding sequence is achieved 
under condition compatible with the control sequences. 

30 The control sequences can be modified, for example by the addition of further 

transcriptional regulatory, elements to maka the level of transcription directed by the 

..... . . . .... -.^ - 

control sequences more responsive to transcriptional modulators; 

Vectors of the invention can be transformed or transf ected into macrophages to provide 
35 for expression of the modulator therein. 
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The vectors can be for example, plasmid or virus vectors provided with an origin of 
replication, optionally a promoter for the expression of the said polynucleotide and 
optionally a regulator of the promoter. The vectors can contain one or more selectable 
: marker genes, for example a neomycin resistance gene. 

Control; sequences operably linked to sequences encoding the protein of the invention 
include promoters/enhancers and other expression regulation signals. These control 
sequences can be selected to be compatible with the host cell for which the expression 
vector is designed to be used in. The term "promoter" is well-known in the art and 
Wy- encompasses: nucleic acid regions ranging in size and complexity from minimal 
> promoters to promoters including upstream elements and enhancers. 

The promoter is typically selected from promoters which are functional in mammalian 
cellsv although prokary otic promoters and promoters functional in other eukiary<i>tic cells 

15 can be used. The promoter is typically derived from promoter sequences of viral or 
eukaryotic genes. For example, it can be a prompter derived from the macrophage, such 
as the GD68 promoter [Adenovirus-mediated gene transfer of a secreted form of human 
macrophage scavenger receptor inhibits modified lo\A/-density lipbprotein degradation 
r and foam-cell formation in macrophages: Laiakkianeh J, Lehtbtainerr P, Gough PJ, 

20 Greaves DR, Gordon S, Yla-Herttuala Sv CIRGULATIGN^ 1 01: (10) 1 Q9t-tG96 (2000)] 
(so that tlpHSDt expression is directed in circulating monocytes and their progeny) or 
the Mouse macrophage metalloelastase (MME) promoter [Indu^ of 
, macrophage metalloelastase by hyaluronan fragments in mouse macrophages. Horton 
MR, Shapiro S, Bao C, Lowenstein CJ, Noble PW. JOURNAL OF IMMUNOLOGY 162: 

25 (7> 4171-4176 APR 1 1 999] t?o ^at 1 ipHSDI expression is activated as mcinocyt^s 

' moVe into feflannisd sites) . Thfe promoter cah fee ^ ptomoter that functions ih a ubiquitous 
rhahher (§U6h as prbrhoters of d-act|h, (^actin, tubulih) or, alternatively, a tissue^specific 
manner. Tissue-specific promoters specific for macrophages are particularly preferred. 
They can also be promoters that respond to specific stimuli, for example promoters that 

30 bihd^steroid hormone receptors. Viratl promoters can alsd be used, for example the 
* Moloney murine leukaemia Virus long terminal repeat (MMLV LTR) promoter, the Rous 
sarcoma virus (RSV) LTR promoter or the humah cytomegalovirus (CM^ ife promoter. 

Ht can also be advantageous for the promoters to be inducible so that the levels of 
35 expression of the heterologous gene can be regulated during the life-time of the cell 
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Inducible means that the levels of expression obtained using the promoter can be 
regulated. 

In addition, any of these promoters can be modified by the addition of further regulatory 
5 sequences, for example enhancer sequences. Chimeric promoters can also be used 
comprising sequence elements from two or more different promoters described above. 

Techniques for transformation of macrophages are known in the art, an* include DNA 
transfection techniques such as electroporation or lipofection and viral transduction - 

10 Uptake of naked nucleic acid constructs by mammalian cells is enhanced by several 
known transfection techniques for example those including the use of trahsfectibn 
agents. Example of these agents include cationic agents (for example calcium 
phosphate and DEAE-dextran) and lipofectants (for example ^ lipofectam™ and 
: transfectam™). Typically, nucleic acid constructs are mixed with the transfection agent to 

15 produce a composition. 

In a preferred embodiment, peripheral blood mononuclear cells are isol^ 
peripheral blood at laboratory scale by standard techniques procedures (Sandlie and 
Michaelsen, 1 996, in Antibody engineering: a practical approach. Ed: et al. 

20 Chapter 9), and at large scale by elutriation (eg using Ceprate^from ©fcllpro)i Adherfent 
cells (essentially monocytes) are enriched by adherence to plastte overnight arid cells 
are allowed to differentiate along the macrophage differentiation pathways 
adherent cells for 1-3 weeks. 

25 Monocytes and macrophages are transfected with an; expression 

. expressing 1 1 g-HSD 1 in human cells. For constitutive high level 
: 1 is expressed in a vector which utilises the hCMV-MIE promoter-enhanGer, pel 
(Promega). 

30 A variety of transfection methods can be used to introduce vectors into, rnonocytes and 
macrophages, including particle-mediated DNA delivery (biolistics), electroporation, 
cationic agent-mediated ^transfection (eg using Superfect, Qfegen^ Each; pf these 
methods is carried out according to the manufacturer's instructions, taking into account 
the parameters to be varied to achieve optimal results, as specified by the individual 
35 manufacturer. Alternatively, viral vectors may be used such as defective Adenovirus 
vectors (Microbix IrSSS? 1 Quantum Biotechnologies Inc). r 



